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Composites appear to be the structural material of the 
future. Superior to metals in its ability to withstand 
intense heat, resistance to corrosion, failure due to 
fatigue and very low weight-to density ratio, composites 
represent the most formidable competition to the metals 
industry since the development of superalloys in 1948.
This study presents the market analysis and 
future market projections of the composite materials 
industry designed to determine the impact that these 
materials will have on selected materials within the 
minerals industry. It is designed to determine what impact 
composites will have on selected materials within the metals 
market. This study uses microeconomic theory and market 
analysis to determine whether composites will be used as 
substitutes or complements. The facts in this study were 
secured from numerous sources and represent the most current 
data available. Because the composite materials industry is 
in its infancy, many corporations view these data as 
proprietary. The study initially develops the background of 
the composite materials industry, its importance to the 
economy as a strategic material and then analyzes the future 
market characteristics for the industry. The study
111
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continues by developing the international scenario of 
competition and market conditions of composites. Finally, 
this study concludes with suggestions and lists of other 
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A composite is a combined material created by the 
synthetic assembly of two or more components. These com­
ponents consist of a selected filler such as metals, cera­
mics or polymers, and a compatible matrix binder (i.e., a 
resin). Composites are also referred to as reinforced 
plastics. Advanced composite materials have gained atten­
tion in recent years for their unique capabilities and 
varied applications. Composite materials were not produced 
on a large scale basis until 1960, when the aerospace pro­
gram began to use them for specifically designed functions 
peculiar to the environment encountered in outer space such 
as extreme temperatures.
Prior to 1965, composite materials were only produced 
in laboratories as a part of research and development pro­
grams. During the latter part of the 1970s, composite 
materials began to be used in applications ranging from 
shipping containers to wing-tips on high performance jet 
fighters. Because of the high cost associated with these 
composites, very little competition with monolithic metals 
existed. The development of newer and less costly methods
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of production for composite materials has led to increased 
competition with some metals in the minerals industry.
1.1 Scope and Purpose
An economic analysis of composite materials in the U.S. 
economy is significant from several vantage points. First, 
the use of composite materials is expected to increase by an 
average of "8%-9% over the next decade," according to an 
independent study conducted by Kline and Company (Healy, 
1990). Second, the use of these materials in the aerospace 
industry is of concern from the aspect of national security. 
Finally, the superior capabilities of composite materials in 
corrosion resistance, thermal capability, abrasiveness, 
light weight, and strength make them excellent substitutes 
as structural components in the aviation and automotive 
fields. A list of applications and uses for composite 
materials will be detailed later in this study.
The purpose of this study is to analyze the market 
niches where these composite materials will compete with 
monolithic metals and minerals. Additionally, an analysis 
of future market growth will be developed to analyze the 




Aleksandr Mikhaylovich Butlerov, a Russian chemist, is 
given credit as being the first scientist to work with 
composite materials. In 1849, he described the use of 
formaldehyde polymers in an experiment. In 1940, the rein­
forced plastic or composite materials industry came into 
being, with the use of glass fibers to reinforce plastics. 
The need for radomes to protect aircraft antennas required 
major research and development programs to study, manufac­
ture, and design these materials. Prior to 1980, compo­
sites were not used on any large scale, except in labora­
tories as research projects. Primarily these projects dealt 
with lamination processes and molding.
The military applications associated with composites 
earmarked them as strategic materials, and were therefore 
protected and researched extensively under the Strategic War 
Materials Act of 1939. Although not specifically mentioned 
as a strategic material in the National Defense Stockpile 
(NDS) inventory of strategic and critical materials, the 
definition clearly indicates that composites are strategic 
materials. The term strategic material is used inter­
changeably with critical material and there is no definitive 
difference between the two. (Mikesell, 1986.) Strategic
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materials are those materials that are necessary for produc­
ing military and essential civilian goods and services 
requirements that may exceed domestic and foreign supplies 
in the event of supply disruptions (Mikesell, 1986). Com­
posite materials are manufactured in the United States; 
however, they are essential in defense applications (noted 
in Chapter 2). There are currently 58 commodities or miner­
als listed in the NDS table. Some of the matrix materials 
used in composites, such as graphite, aluminum, silicon 
carbide, and tungsten are listed as strategic materials.
Subsequent legislation dealing with critical and stra­
tegic materials insured the development of composite mater­
ials. From 1965 on, composite materials have been used in 
aircraft, automobiles, boats, and some athletic equipment. 
Even with these wider applications of composite materials, 
the industry did not achieve significant consumption figures 
until the late 1980s. This came about as a result of the 
Strategic Defense Initiative, and the National Aeronautic 
Space Plane program. One of the main experiments that 
brought the use of composites to the forefront was the 
flight of the 1,858 pound Voyager. In 1989, the Voyager 
completed a non stop flight around the earth. What is
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significant about this flight is that 96% of the plane's 
structure was constructed of composite materials.
1.3 Characteristics of Composite Materials
The physical attributes and performance capabilities of 
composites are often superior to metals. Because composites 
can be reinforced with different matrix materials, it is 
possible to obtain structures that withstand specifiedt
rigidity and temperatures far better than metals. The 
following sections describe the physical characteristics of 
the three major matrix composites: Metal, Ceramic, and
Polymer. Table 1.1 compares selected monolithic metals with 
a typical polymer (graphite epoxy) composite, developed by 
Hercules, a major producer of graphite fibers and other 
synthetic structural materials. Composites may also be 
matrixed with carbon to form carbon-carbon or carbon fiber 
composites, however, since they must be laminated with a 
polymer, they will be grouped under the subheading of Ad­
vanced Polymer Composites (APCs).
1.3.1 Metal Matrix Composites
Metal Matrix Composites (MMCs) are metal alloys and 
metals reinforced with fibers, whiskers, particulates or
T-3881
Table 1.1Comparison of Polymer Composite and Metals
Steel Titanium Aluminum Composite
Elasticity 27.0 17.0 10.0 26.0
10® psi
Stiffness 3.4 2.2 1.3 3.3
10® Ib-in^
TensileStress 80.0 160.0 83.0 140.0
(ksi)
Weight 5.2 2.9 1.9 1.0
lb/ft
Source: Martin-Marietta Composites Center, 1990.
wires. The primary matrix components of MMCs are alloys of 
aluminum, magnesium, and titanium. The reinforcing com­
ponents are carbon, boron, beryllium, alumina, graphite, and 
silicon carbide. The properties that make MMCs superior to 
metals are resistance to wear, high temperature capabili­
ties, high stiffness and strength-to-density ratio, electri­
cal and thermal conductivity. MMCs are also resistant to 
penetration by moisture. The primary uses of MMCs are in 
military products. Costs associated with MMCs has limited 
them to aeronautic and automotive uses (Mooney, 1988).
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1.3.2 ceram-îç Matrix Composites
Ceramics are inorganic, nonmetallie solids (minerals). 
Historically, this term has been limited to porcelain and 
pottery. Advanced ceramic products are made from pure 
microscopic powders. These powders are then consolidated at 
high temperatures and combined with oxides, nitrides, and 
carbides of silicon, aluminum, and titanium. Ceramic com­
posites can be used in environments not suitable for plas­
tics, metals, or other conventional materials. Ceramic 
matrix composites (CMCs) have characteristics similar to 
those of metal matrix composites: however, CMCs ability to 
withstand higher temperatures make them more suitable for 
applications where temperatures are quite extreme. Their 
principal drawback CMCs is brittleness and CMCs are subject 
to sudden failure when stress is applied. The approximate 
maximum temperature that each composite is designed to 
withstand is shown in Figure 1.1. The three categories of 
composites represent Polymers (PI: epoxies, P2: polymides,
P3: liquid crystal polymers). Metals (Ml: aluminum, M2: 
stainless steel, M3: superalloys), and Ceramics (Cl: sili­
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Meucimum Temperatures for Composites
Source: Advanced Materials and Processes, 1987
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1.3.3 Advanced Polvmer Composites
Often called "engineered plastics", advanced polymer 
composites include a wide range of materials such as poly­
carbonate, epoxies, polymides, and liquid crystal polymers. 
The unique properties of polymers enable them to be used 
over a wide range of applications. These properties include 
operation over wide temperature ranges, under mechanical 
stress, and in chemical environments.
Polymers also have the capability to be self-lubri­
cating. Polymers are relatively new to the composite in­
dustry, and the manufacturing process is more advanced than 
for metal and ceramic matrix composites. The largest market 
for advanced polymer composites (APCs) is superconductors.
Chapter 2 reviews the present and future markets for 
composite materials, as well as the annual growth rate in 
the markets where composites are expected to used.
Chapter 3 analyzes the determinants of composite mater­
ials as a derived demand, the price elasticities of demand 
for composites and other structural metals, and the cross­
price elasticities to determine whether composites are a 
substitute or complement for other metals. A discussion of 
non-market factors that may affect composite demand and the
T-3881 10
impact that composites may have in the structural materials 
market is also included in Chapter 3.
Chapter 4 examines the national and international 
markets for composite materials, specifically the principal 
producers and suppliers for ceramic, metal, and polymer 
matrix composites.
Chapter 5 reviews some case studies of the use of 
composite materials in the automotive and aerospace indus­
tries and points to some of the inherent hazards and prob­
lems that affect composite materials use.
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Chapter 2
DOMESTIC MARKET APPLICATIONS AND COST DATA
The high cost factors associated with composite mater­
ials are the primary reason that they have not been pro­
duced, manufactured, and consumed on a larger scale.
Another problem that seems to be preventing composite mater­
ials from gaining broader use is the fact that standards and 
tests of measurements have to be established. The standards 
used to measure monolithic metals are of little use when 
measuring composite materials. This is a dilemma that is 
currently facing the National Board of Standards and Safety. 
Because of the physical capabilities of composites, new 
developments in production, and the ability of composites to 
perform under extreme conditions, wider applications have 
now begun to be seen, despite the problems mentioned above. 
These characteristic make composite materials particularly 
attractive to the principal consumers, the Defense Depart­
ment and the aeronautics industry.
The Business Communications Company has predicted that 
the composite market will expand by an average annual growth 
of 8.9%-9.6% from 1989 to 2000 (Regan, 1989). Companies 
such as E.I. du Pont are researching ways to decrease the
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cost of composites through innovative manufacturing pro­
cesses, which will increase the supply of composites (Regan, 
1989) . Also, according to the U.S. Industrial Outlook 1989, 
the advanced materials market will increase by a margin of 
8-10% annually. Additionally, in an independent report 
published by the Business Communications Company, some 
composite markets will increase at an average annual growth 
of 5.5%, while others will increase by almost 22% (Mooney, 
1988) . Growth may result from greater demand generated by 
the aerospace and automotive industry.
Despite the superior capabilities of composite mater­
ials, they will still have to go through the evolutionary 
process to gain its share of the market. These stages are:
1) the transfer of technology from the pioneering firms 
to suppliers to the consumer markets;
2) the broadening of the base of materials that can be 
cost effectively utilized; and
3) the increased automation (speed) of the manufac­
turing processes to deliver high volume parts or finished 
products with controlled lot-to-lot consistency (Mooney, 
1988).
The composite materials industry has successfully 
completed stage 1 of the process and is currently in the
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midst of stage 2. As with any material designed to perform 
certain functions, the trade-off involves cost and perfor­
mance. In some instances, availability or accessibility 
enters into the scenario. But for applications within the 
U.S. economy, the trade-offs will be limited to cost and 
performance. In the major markets for composite materials, 
the trade-offs of cost and performance are depicted in 
Figure 2.1. The analogy in the different market areas lies 
in the fact that cost is more important to the construction 
and automotive industry. Conversely, performance is more 
important in the areas of aerospace and medicine.
2.1 Cost Analysis
The trade-off between cost andperformance is the force 
that gives comosite materials a foothold in the market for 
structural materials. While it may be acceptable to pay $50 
to $300 per pound for a material to be used as an exterior 
for the National Aeronatuci's Space Plane (NASP), very few 
consumers are willing to pay exorbitant prices for struc­
tural materials in an average automobile. A number of new 
consumer products began with costs that were somewhat out of 








P E R F 0 R M A N C E
Figure 2.1 Cost vs Performance
Source: Technology Management Association Report, 1986
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personal computers, compact disc players, titanium, and the 
first automobiles purchase price were high.
Table 2.1 compares the difference in costs for com­
posites and some monolithic metals. Cost alone, however, 
does not determine competitiveness in the materials market.
Each pound of composite material used on an airplane can 
reduce fuel consumption by 400 gallons over the 15 to 20 
lifetime of the aircraft (Chemical Weeklv. 1981). The use 
of composite materials in tactical launch vehicles and 
aircraft helps by increasing the payload that each vehicle 
can carry. Each pound saved in fuel-carrying capacity 
increases the payload amount by one pound, without reducing 
the range of the vehicle (Weinninger, 1990). This is very 
important when intercontinental ballistic missiles or tacti­
cal bombers are required to carry a certain number of war­
heads or bombs to achieve a desired result.
2.2 Consumption Data
Since 1985, composite material consumption has grown at 
an annual rate of 2% to 22%, depending on the market (see 
Table 2.2). The markets that show the most significant 
growth are aeronautics, aviation, and marine. As costs of 
the material continues to decline and different applications
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Table 2.1 Average Cost Per Pound ($)
Item Commercial Aerospace
Composites:
Ceramic Matrix 35.00 100.00
Polymer Matrix 132.00 180.00





Source: Kline & Co., 1989; Mineral Commodity
Summaries, 1989.
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Table 2.2 Composite Consumption by Market (Million of Pounds)
Market 1986f%) 1987(%) 1988
Aerospace 37(12) 39(04) 41(12)
Appliances 137(02) 147(07) 151(07)
Construction 456(02) 493(08) 509(03)
Consumer Goods 149(04) 151(02) 173(05)
Corrosion
Equipment 291(-10) 310(07) 345(05)
Electronics 201(06) 209(04) 224(05)
Marine
Equipment 340(03) 393(16) 500(21)
Other 83 (05) 83(nc) 86(04)
Total 2,279(03) 2,455(08) 2,693(10)
Source: Plastic World, 1988; Chemical Weekly, 1988.
are explored, composite materials will become a competitor 
in markets normally dominated by aluminum, titanium and in 
some instances, plastics. Steel, because of its low cost, 
may be unaffected.
The objective of the composite materials industry is to 
reduce the cost of the material to $2 dollars per pound 
(Goldblaum, 1989) . At this price, composite materials will 
stand a much better chance of securing a larger share of the 
market.
The estimated consumption for 1989, in terms of dol­
lars, was expected to increase for all composites by a
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margin of 2.5% (Composite Institute, 1989). Instead, the 
actual nominal increase in total use rose by approximately 
34%. This increase was derived by comparing 1988 sales 
figures of $2,451 million to the 1989 sale figures of $4,200 
million (Rue, 1988). Over the time period, 1986-1989, 
sales figures for aluminum increased by an average of 2.95%; 
steel, 4.09%; and titanium, 4.47% in nominal terms (Jones, 
1988) .
2.3 Applications for Composites
Because composite materials can be perfected or manu­
factured to withstand different strengths, temperatures, 
resistance to corrosion, and durability, their uses are 
extensive. Composite materials have been used in appli­
cations ranging from radar absorbing aircraft to recon­
structed knee caps. As the technology continues to improve 
so will the applications.
The aerospace industry is expected to be a major mar­
ket, consuming about 50% of the advanced composites produc­
tion in the United States (Office of Technology Assessment 
Report, 1987). The primary materials used in aerospace 
applications are epoxies, and the most common reinforcements 
are carbon/graphite, aramid (e.g., Du Font's Kevlar), and
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high-stiffness glass fibers. Compared with metals, the 
principal advantages of advanced composite materials in 
aerospace applications are their superior strength and 
stiffness, and weight savings of 10%-60% (Zweben, 1985).
The space shuttle, space-based defense platforms and ballis­
tic missiles are some of the applications. Military air­
craft, transportation uses, and marine applications are also 
expected to be a major part of the market.
2.3.1 Advanced Polvmer Matrix Uses
Advanced polymer matrix composites (engineered plas­
tics) have been used primarily in the aerospace and auto­
mobile industries, and submarine hulls. Table 2.3 lists 
some of the applications for advanced polymer matrix com­
posites. Advanced polymer composites are by far the most 
widely used composite material in the defense/aerospace 
industry. The characteristics of tensile strength, coupled 
with its ability to withstand temperatures in excess of 600° 
F and its radar avoidance capability, makes APCs excellent 
for use in avionics applications.
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Table 2.3 Polymer Matrix Uses
Primary/secondary automotive structures 
Ford, General Motors, Chrysler
Building and Construction
Cranes, booms, bridges, houses 
Outdoor drive systems, decking
Industrial Equipment (non-corrosive) 
Centrifuge rotors 
Robot Arms, weaving machinery
Aerospace/Military 
Space Shuttle 
V-22 Osprey, AVTEK-400 
Sirkorsky-76 helicopter 
Advanced Tactical Fighter 
AV-8B Harrier 






B-757, B-767 Passenger Aircrafts
Naval/Marine Applications 
Torpedoes (Mark 76)
Propellers, hatches, bulkheads 
Antenna masts, stacks 
Submarines hulls
Medical Devices
Orthopedic devices: hips, knees
Source: Advanced Materials by Design, 1987
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2.3.2 Metal Matrix Composites
The principal reasons for using metal matrix composites 
instead of conventional metals are increased strength, 
stiffness, strength/weight ratio, higher temperature capa­
bility, increased wear resistance, control of thermal expan­
sion, and good thermal conductivity (Bryant, 1988). As 
with other composite materials in this study, their applica­
tions overlap in some areas. Table 2.4 gives a list of some 
of the uses for metal matrix composites. Metal matrix 
composites are of particular interest to the aeronautics and 
aircraft industries, as outside structural materials for 
aircrafts. Applications for metal matrix composites can be 
divided into two broad categories: commercial and defense.
The overlap in applications for advanced materials 
occurs just as it does in other materials. Materials 
developed for defense related uses are generally useful in 
commercial applications, and vice-versa.
2.3.3 Geramic Matrix Composites
Ceramic matrix composites are newer to the market than 
polymer matrix and metal matrix composites. Because of this 
ceramic matrix composites applications have not been fully 
exploited. A report by the Business Communications Company
T-3881 22
Table 2.4 Metal Matrix Applications
Commercial Uses
Automotive









Naval Ship Components 
Electric and Thermal Management 
Ground Based Weapon Components
Source: Business Communications, 1988
indicates that ceramic matrix composites will presumably 
follow the applications of other composite materials 
(Strategic Analysis Inc., 1987). Ceramic matrix composites 
can withstand temperatures far higher than monolithic 
metals, polymer, or metal matrix composites. This charac­
teristic makes them suitable for space and energy applica­
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tions. The major applications for ceramic matrix composites 
are listed in Table 2.5.
Ceramic matrix composites principal defect is its 
reliability. Although it will withstand high temperatures, 
ceramic matrix composites are prone to stress fractures and 
they are also very brittle.
Chapter 3 will discuss the determinants and factors of 
demand for composite materials as a derived demand product.
Price elasticities of demand will also be used to 
measure how responsive the demand for composites are, due to 
a change in price. Cross price elasticities will also be 
used to further analyze composites, to determine if com­
posites are used as a substitute or complement.
ABTHUS LAKES LIBRARY











Kiln and Industrial furnaces
Cutting tools
Wear resistant parts (brakes)




ANALYSIS OF MARKET DEMAND
3.1 Methodology
A threefold method will be used to analyze the com­
posite materials market. First, the determinants of demand 
that affect the quantity of product in the market will be 
discussed. Second, an analysis of the price elasticities of 
demand and the cross price elasticity of demand will be used 
to determine the response of consumers to a change in price.
Third, the factors that affect short-run and long-run 
supply decisions will be analyzed to determine whether 
producers will continue to supply the market with composite 
materials.
Data were collected from secondary sources, i.e., 
reports and articles produced by commercial and government 
agencies. As mentioned in Chapter 2, the information con­
cerning price, production, and consumption of composite 
materials is considered proprietary by the major producers 
of these materials. In most instances, the data are es­
timates derived by market research sources in the composite 
materials industry. These sources will be cited as neces­
sary to clarify or further explain the method used in the
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data analysis. Data derived by the author will also be 
explained in detail.
Another key difference in comparing monolithic metals 
to composite material is that composites and metals are not 
the same product. However, since both composites and metals 
are used as structural materials, they in essence compete in 
the same market.
3.2 Analysis
The analysis of the composite materials market will 
cover factors affecting the determinants of demand, price 
elasticities, and short-run and long-run supply decisions. 
The factors that affect the decisions of what to produce, 
quantity to produce, how to produce it efficiently, who 
benefits from the production decision, and is the system 
flexible enough to produce the product are decision criteria 
in analyzing the demand for composite materials. This 
analysis incorporates these factors into the evaluation.
This evaluation is based on the most recent data available.
3.2.1 Determinants of Demand
The determinants affecting demand for products are well 
established, however these determinants are different when
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derived demand is considered. In the composite materials 
market, the determinants are contingent on the demand for 
the final good, such as aircraft components, medical and 
sports equipment. The demand for composites in the medical 
field depends on the need or demand for reconstruct ive 
material for bones, kneecaps, and other medical require­
ments. These demands indirectly satisfy consumer needs.
The determinants of consumer demand are different and 
consist of several factors. These factors include prices of 
related goods, the number of consumers in the market, in­
come, and tastes and preferences. Composite materials are a 
derived demand. In most instances in this study, the 
primary consumers are firms, not individuals.
Analyzing demand price elasticity assists in deter­
mining whether price changes affect demand. The elasti­
cities calculated in this study are rough estimates, and 
should not be used to make definitive attestations of elas­
ticities for the entire metals market. If price changes do 
affect demand, the elasticities also indicate to what degree 
demand is affected (elastic, inelastic, or unitary elastic). 
The following are determinants of price elasticity of demand 
factors that affect composite material demand.
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1) Substitutes play an important role in price elas­
ticity of demand from the position of choice for the con­
sumer. Demand is more elastic if there are a number of 
close substitutes. (Thompson, 1988). Composite materials do 
have substitutes; however, there are few substitutes that 
have the same capabilities as composite materials. Steel, 
aluminum, titanium, tungsten, lithium, and many alloys may 
be used instead of composites. Chapter 1 explained the 
differences in performance measures for composites and 
monolithic metals.
2) The price of the product (composite material) 
relative to income brings out two key points of composites' 
price elasticity of demand. In composite materials it is 
the performance of the material that is most important and 
cost appears to be a secondary consideration for many uses. 
Second, composite materials are a derived demand product, 
and as such, are not overly affected by the income limita­
tions of the individual consumer. The overall role of the 
consumer is minimized. The firm that uses composite mater­
ials as an input to the final good that contain composite 
materials becomes the primary consumer of composite mater­
ials. What is key in this situation is marginal cost, 
average total cost, marginal revenue, and price to the
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individual firms that consume composite materials. Prices 
of alternate goods, the monolithic and conventional alloy 
metals, are considerably less than the most inexpensive 
composite of high-strength glass reinforced polymer at $42 
per pound or fiberglass currently priced at $.70 per pound 
(Jones, 1988).
Composite material prices exceeds those of traditional 
structural materials (see Table 2.1). Production and 
tooling a composite may triple the price (Sibold, 1990). 
Composite materials require new means of production. Most 
composites cannot be machined with conventional tools be­
cause of the difference in toughness. To tool a ceramic 
matrix composite part one-tenth of an inch takes approxi­
mately 3 0 minutes (Sibold, 1990).
Lockheed has begun to develop more efficient ways of 
producing composite tape. A machine introduced by Lockheed 
in 1984 has reduced the cost of a 1,000 pound roll or 
•layup* of composite materials by $50,000 (Jones, 1988). 
Fabrication of vertical tail fins are normally constructed 
by manually layering the composite tape to form the fin. The 
fabricated vertical fin for Lockheed's L-1011 projected 
cost, based on manual lay-up of composites were $432,100 per 
fin. With the addition of the automated process the produc-
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tion costs for the vertical fin were reduced to $133,700 per 
fin. In addition to this, the composite tail fin weighed 
28% less than the metal (aluminum) fin (Como, 1984).
For the automotive industry, composites will have to 
reach a price of $2 per pound before they are used in large 
quantities in the automotive market. J. Michael Bowman, 
director of Du Font's composite division, says that 
"the industry (composite materials) will have to come up 
with a $2/lb composite for Detroit" (Dunphy, 1988).
Managers at Du Pont believe that the largest and most lucra­
tive market for composite materials is the auto industry 
(Heaney, 1989).
3.2.2 Elasticities
The elasticities used in this study are based on annual 
data from 1981-1989. This measurement is used to get a 
better indication of how responsive consumers are to changes 
in price for composites. For this study, the price elas­
ticity of demand will be used to determine how responsive 
the change in price for composite materials is to the change 
in the quantity demanded for composites. For the seven 
selected observations, price elasticity of demand for com­
posite materials is predominantly inelastic. Figure 3.1
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graphically depicts the generic relationship between price 
and quantity for composite materials. The average coeffi­
cient of the price elasticity of demand for composite mater­
ials, from 1981-1989 is -.35, which is less than the ab­
solute value of 1, therefore demand is considered to be 
inelastic. In this case Figure 3.1 conveys that the percent 
change in the quantity demanded is less than the percent 
change in price. This conflicts with the statement made by 
Bowman (Goldblaum, 1989), inferring that the price for 
composite materials needs to attain a price of $2 per pound, 
before the automotive industry uses it as a structural 
material. The price elasticity of demand for composites 
are inelastic therefore, the change in price affects the 
quantity demanded negligibly. This means that the primary 
consumers of composites are slow to react to a change in the 
price of composite materials.
Table 3.3 indicates that the price elasticity of com­
posite materials, as well as many of the materials with 
which it may compete with are inelastic. The coefficients 
of elasticity for composites, aluminum, titanium, and 







Two of the determinants of price elasticity of demand, 
the availability of good substitutes, and the product price 
affect the elasticity of composite materials as a derived 
demand. Derived demand will be discussed in more detail 
later in this Chapter.
A comparison with six metals was used to determine 
elasticity over a period between 1981 to 1989. The demand 
data for composite materials for these years dictated that 
the comparison of metals in those same years be used for the 
analysis.
The metals that composite materials may compete with 
are aluminum, titanium, magnesium metals (alloy), lithium, 
tungsten, and structural steel. Structural steel is a 
commercial iron that contains up to 1.7% carbon as an essen­
tial alloying constituent.
As mentioned in section 3.1, composites and monolithic 
metals are different products; however, since they both are 
used as structural materials, a comparison between composite 
materials and monolithic metals appears to be a valid basis 
upon which to conduct this study. The primary difference 
that distinguish these two structures from each other is 
that composite materials prices are much higher than most 
monolithic metals. Table 3.1 shows the market spot price
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and amount consumed annually from 1981 to 1989. The price 
for composite materials is an average of the three compo­
sites in this study (ceramics, metals and polymers).
Another significant difference between composite materials 
and monolithic metals is that the life cycle between the two 
are different. Metals are subject to rust corrosion and 
deterioration. Composite materials are not as susceptible 
to damage caused by the effects of the environment (see 
Table 1.1). Operating and maintenance costs are also a 
factor that differentiates composites from monolithic 
metals. Table 5.1 compares the tooling costs of a typical 
composite with steel.
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Price elasticities of demand for the metals evaluated 
in this study are located in Table 3.2. The absolute value 
of the elasticities in Table 3.2 for the selected metals 
indicate that for most of the metals* demand is inelastic. 
For tungsten, the price elasticity of demand coefficients 
are consistently close to zero, which indicates perfect 
inelasticity. Cross price elasticities will be discussed 
later in this section. The only metals that showed signs of 
being elastic are iron/steel and lithiiim. The price elas­
ticity of demand for tungsten is consistently close to zero. 
This means that the demand for tungsten is almost perfectly 
inelastic. In order to make a definitive determination of 
whether each metal's demand is inelastic or elastic, a 
larger sample of data should be used to analyze this situa­
tion.
The cross-price elasticity of demand shows the relative 
responsiveness of quantity demanded for one product 
(selected metals) to a change in the price of another pro­
duct (composite materials). The calculations for these 
elasticities are rough estimates. The reliability of the 
data on composite materials cannot be validated, therefore 
these measurements should not be used to develop economic or 
investment decisions. The condition of ceteris paribus was
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Table 3.2 Price Elasticities of Demand
Year Composites Titanium Lithium Iron/Steel
1982 -0.36 0.03 1.77 -6.96
1983 -0.31 0.00 0.05 1.13
1984 -0.39 0.00 1.34 3.87
1985 -0.49 0.01 0.00 -2.92
1986 -0.37 —0.05 0.15 0.49
1987 -0.35 0.01 0.03 2.24
1988 -0.27 0.05 0.04 0.00
1989 —0.28 0.05 -0.22 -6.99
Year Aluminum Maanesium Metal Tunasten
1982 0.21 -0.47 0.01
1983 0.37 0.27 -0.01
1984 —0 .44 0.13 0. 00
1985 0.09 -0.37 0.01
1986 -0.04 —0.44 0.01
1987 0.24 0.00 0.01
1988 —0.05 0.23 0. 02
1989 0.22 0.20 0.01
* Values in this Table are rounded off to 2 decimal places.
Source; Calculated from data in Table 3.1.
also violated, because other factors in the market place did 
not remain constant. Figure 3.2 depicts how the omission of 
the ceteris paribus conditions affects the calculations of 
the price elasticity of demand. Theoretically, when price 





Inelastic Demand and Ceteris Paribus Conditions
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be negative (i.e., the reciprocal slope of the inverse 
demand curve). If the conditions of ceteris paribus were 
met, elasticity of demand calculations would have been made 
along the demand curve from Point A to Point B. The actual 
calculations for this study may reflect coefficients derived 
from Point A to Point C, an annual change in the market of 
supply and demand. Because other factors such as the price 
of other goods, technology, and inflation did not remain 
constant from year to year, some of the coefficients of 
price elasticity of demand in Table 3.2 are positive.
Table 3.2 reflects coefficients rounded off to 2 decimal 
places. The actual values were calculated out to six deci­
mal places. The sign before the values (specifically the 
zero values) are provided so that the reader is aware of the 
violation of the ceteris paribus conditions.
The quantity of the seven selected metals were all 
checked against the price of composite materials. If the 
coefficient of the cross price elasticity of demand is 
positive, then the metal is considered to be a substitute.
A negative coefficient indicates that the metal is a comple­
ment. In most instances the coefficient on cross price 
elasticity indicated that composite materials are considered 
substitutes for most of these metals (See Table 3.3). The
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Source: Calculated from data in Table 3.1
cross price elasticity of tungsten is consistently close to 
zero. This indicates that tungsten is neither a substitute 
nor a complement composite materials.
In many instances iron/steel appeared to fluctuate.
This may be because the cost per pound of iron is so small 
that any deviation in the price of composites or other metal 
affected the cross-price elasticity of iron. However, this
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cannot be substantiated without a more detailed investiga­
tion. The steel industry has attempted to induce demand by 
experimenting with price changes, but has met with little 
success (Watson, 1969). Historically, the demand for steel 
is price inelastic. The variations, in most instances were 
well above 1 or well below -1. Table 3.3 shows the cross 
price elasticities of demand for aluminum, lithium, mag­
nesium metal, tungsten, titanium, and iron. As a future 
study, the long-run deviations of the price elasticity for 
steel may need to be addressed.
Section 3.2.3 will discuss the factors affecting the 
demand for composite materials as a derived demand, and also 
the non-market factors that affect demand.
3.2.3 Derived Demand and Nonmarket Factors
As a derived demand product, or input demand product, 
composite materials are demanded for the output of some 
other final goods, for instance, tennis rackets or golf 
clubs. The principle consumers of composite materials 
defense contractors, the aerospace industry, and major metal 
producers, are in the developmental stages of marketing a 
new product, with many varied applications. For a competi­
tive firm to maximize profits, marginal and variable costs
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must not exceed marginal revenue. The economic alternatives 
are basic (Binger and Hoffman, 1988). Composite materials 
may out-perform monolithic metals in most areas, but the 
input is not cost effective for the producer targeting non­
defense or non-aerospace related markets. As mentioned in 
Chapter 2, in order for the automotive industry to demand 
the quantities of composite materials necessary to displace 
steel and aluminum as the primary structural material in 
cars, the cost must be lowered to $2 per pound (Chemical 
Weeklv. 1988).
The nonmarket factors that maintain the price inelas­
ticity of demand are again related to the markets. These 
factors are the production of aeronautic and defense-related 
items that must perform a particular function. In this 
scenario, price is preempted by the performance of the 
composite material. In a completely competitive market the 
firm is a price taker, (see Figure 3.2) The primary aim in 
the defense and aeronautics markets is to construct the 
equipment to meet the specifications, and therefore is not a 
true price taker in the economic sense. At Martin-Marietta 
Composites Center, using composite materials reduced the 
cost and weight for launch vehicles for the Titan missile by 
44% and 24% respectively. Chapter 5 develops some case




studies where savings in weight and cost were realized in 
other areas. The driving force behind the significant 
savings in the Titan program, was to increase the payload 
capacity of the missile itself (Weinninger, 1990). The cost 
savings on the launch vehicle were realized because 80% 
fewer parts were needed (parts count reduction ratio 5:1). 
The savings of one pound in structural weight results in a 
payload increase of one pound or 56 pounds of fuel.
Another nonmarket factor that may affect the increased 
use of composite materials in one of its strongest markets 
is the reduction of the defense budget. With the dis­
mantling of Communist governments in Eastern Europe, 
Congress, along with the Secretary of Defense, are implemen­
ting plans to extensively scale back defense programs that 
use composite materials (Work, 1989; Peterzell, 1990).
Although the profit maximization is a market factor, it 
is a critical component in composites becoming competitive 
in the structural materials market. In the competitive 
market, the firms that produce composite materials wish to 
maximize profits. The supply for composite materials may be 
increased by the implementation of technological improve­
ments in the manufacturing and production of composite 
materials would decrease marginal costs, if the returns to
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scale are greater than one or increasing (Binger and 
Hoffman, 1988)• This would increase the total supply of 
composite materials, but would have little effect on demand, 
which is inelastic. Figure 3.3 shows the desired choice for 
producing composite materials in the long-run, point A. In 
the competitive market, marginal cost equals marginal reven­
ue, and economic profit would be zero. Research and devel­
opment programs, either sponsored by private industry or 
through governmental agencies, may speed up the development 
of more efficient ways to produce advanced materials.
3.3 Results and Impact on the Minerals Market
The price elasticity of demand for composite materials 
is less than one, which indicates that demand is inelastic. 
The primary consumers of composite materials are not respon­
sive to changes in the overall price of the material. The 
fact that composites are a derived demand may contribute to 
their price inelasticity of demand. The coefficients on the 
cross price elasticity of demand indicate that composites 
may act as substitutes for aluminum, tungsten, and in some 





Figure 3.3 Competitive Equilibrium
Source: Microeconomics. Binger and Hoffman, 1988
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Nonmarket factors other than price, affect the competi­
tive position of composite materials as a principal 
competitor for monolithic metals. These factors are reduc­
tions in defense spending and the development of superalloys 
(aluminum-lithium) by primary metal producers. (Durai 
Aluminum and ALCAN Aviation Week and Space Technolocrv. 1988 
and Schmitt, 1987). These superalloys are designed specifi­
cally to have capabilities similar to composites.
According to a marketing report by the Business Com­
munications Company, composite materials will not develop 
widespread usage until the year 2000 (Business Communica­
tions Company, 1988). It is expected that there will be 
additional products on the market that contain composite 
materials, such as sensors, and electronic items, however, 
large-scale applications will require much longer develop­
ment times (Mineral Commodity Summaries. 1990).
Chapter 2 reviewed the principal applications and cost 
factors associated with composites. Chapter 4 will expand 
from the United States market to the international market to 
identify the competitors in the world markets of composite 
materials. Competition internationally is more intense than 
competition nationally. France and Japan are making sig­
nificant investments' in the research and development of
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composite materials. The purpose of Chapter 4 is to give 
the reader an idea of how wide-spread the use and production 
of composite materials are on an international basis.
T-3881 49
CHAPTER 4
COMPOSITE MATERIALS: COMPETITORS AND PRODUCERS
4.1 Introduction
Since 1980 there has been a marked increase in the 
number of corporations developing or marketing composite 
materials. Prior to 1980, research and development was 
carried on as government sponsored research for the Depart­
ment of Defense, Department of Energy, the National Science 
Foundation, or the National Aeronautics and Space Admin­
istration. Composite materials were, and in some instances 
still are, regarded as strategic materials. Commercial use 
and production failed to occur in earlier years because 
companies expect quick profits. One supplier of advanced 
materials summed up the commercialization of advanced mater­
ials as follows:
There is a long gestation period between 
the time that you develop a product, have it 
qualified, and when you sell it. A company 
has to have done it before or the management 
will probably get very impatient, because the 
R&D and qualification is done 3 to 5 years 
before the purchase. That is different from 
the commercial polymer business where you can 
start seeing some sales in a year or two. A 
company has got to be patient, and most companies 
are not. (Schmitt, 1987)
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Conflicts in commercialization often occur when the Depart­
ment of Commerce advances the use of composite materials and 
legislation prevents the sale of strategic or critical 
material. The National Institute of Standards and 
Technology published a report in June 1989 encouraging more 
cooperation between government agencies and commercial 
entities. However, some companies on the national and 
international level have begun to market composite materials
f
abroad.
4.2 Domestic Producers and Suppliers
The market structure of the domestic and international 
composite material industry varies significantly from 
country to country and organization to organization. In 
some countries, such as Japan, the research and development 
of composite materials in the market is funded through the 
extensive efforts of the government and private firms. 
Producers of ceramic composites listed in Table 4.1 may also 
be listed as a producer of polymer matrix and metal matrix 
composites as well. This means that many of the companies 
that produce one type of composite are heavily involved in 
production of other types of composites.
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Table 4.1 Major U.S. Ceramic Producers
Companies/Primary Products
Advanced Refractors Technologies: Powders, nuclear parts
ALCOA: Powders, wearparts
Ceradyne: Armor, electronics, aerospace products
Champion SparkPlug: Powders, insulators, jet igniters
Coors Ceramics : Refractory tubes, rods, electronics, wear
parts
Corning Glass: Ceramics, aerospace windows, refractors 
E.I. du Pont & 3M Co.: Fibers
GTE: Wear parts, radomes, engine parts, x-ray tubes
Kennametal, Inc.: Cutting tools, wear parts, armor, guns
Norton Co: Powders, bearings, filters, heat exchangers
Standard Oil Engineered Materials: refractors, heating
elements & exchangers, fibers, wear parts
Solar Turbines, Inc.: Coatings, heat exchangers
Union Carbide: Powders, coatings
Source: Business Communications Co., 1988; The Office of
Technology Assessment, 1987.
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For continuity purposes these producers are divided into the 
three categories of ceramic, polymer, and metal matrix 
composites. The major producers of polymer matrix compo­
sites can be broken down into two categories, resins and 
fibers. Table 4.2 lists producers. Resins are solid, 
semisolid, or pseudosolid organic materials which have an 
indefinite and high molecular weight, which exhibits a 
tendency to flow when subjected to pressure (Sibold, 1990).
Fibers are short lengths of very small cross sections of 
various materials made by cropping (cutting) filaments. The 
term "fibers" is used synonymously with filament, thread, 
or bristle (Lubin, 1982).
Metal matrix composites, as well as other composites, 
use a variety of matrices and reinforcements. The major 
producers of composites are further subdivided into types of 
composite materials produced and supplied. Table 4.3 lists 
the producers. These categories are matrix, composites, 
particulates, whiskers, and fibers. These materials still 
fall under the broad category of metal matrix composites.
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Table 4.2 Polymer Matrix Composite Producers
Fiber Producers
Du Pont, AVCO, AMOCO, Dow Chemical, Fiber Materials, 
Great Lakes Carbon, Hercules, Hitco, Hysol-Grafil, 
Stackpole, Polycarbon, Owens-Corning
Resin Producers
Celanese, Ciba-Giegy, BASF, Shell, Monsanto, Reichold, 
Ashland, Freeman, PPG, ICI Composite Structures, Du 
Pont, Phillips, Dow Chemical
Source: Office of Technology Assessment Report, 1987.
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Table 4.3 Metal Matrix composite Producers
Matrix Particulates
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4.3 International Suppliera and Producers
The competition for the world-wide markets for composite 
materials quite naturally lies in the developed countries 
that routinely compete for other markets. Japan leads the 
competitors with composite materials being used in the 
manufacture of automotive structures. France, West Germany, 
Great Britain, Sweden, Netherlands, Italy, Belgium, Denmark, 
Norway, Ireland and Switzerland are loosely grouped under 
Western Europe. For this study the composite materials 
market for Western Europe will consist of the European 
countries previously mentioned above. The international 
suppliers of composite materials vie for the same markets as 
the competitors in the United States. With the United 
States having the largest market for aerospace and military 
applications, the demand for composite materials is sig­
nificantly higher than any single country. Figure 4.1 shows 
the percentage of use of composite materials for the United 
States. In the United States, the consumption by market is 
50% for aerospace use, 25% each for use in industrial and 
recreational applications.
Figure 4.2 reflects the market use for Western Europe. 
Western Europe consumes 56% for aerospace use, 26% for 
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Western Europe Markets by End Use (%) 
Source: Strategic Analysis, 1987.
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Japan consumes 10% for aerospace use, 35% for industrial 
use and 55% for recreational use. Figure 4.3 graphically 
depicts composite consumption by each regional market.
The increasingly multinational character of the com­
posite material industry suggests that the rate of tech­
nology flow among firms and countries is likely to 
increase. This means that the United States may not be able 
to maintain its technological lead in the area of composite 
materials, and therefore may lose its comparative advantage 
in the world market (Office of Technology Assessment Report, 
1987). In analyzing the domestic and world markets for 
composite materials, the impetus that puts the U.S. ahead 
technologically is the amount of funds put into the research 
and development. The United States spends a total of $121 
billion annually in research, compared to the combined total 
of $65 billion for France, West Germany, and Great Britain. 
Japan spends $46 billion on research on an annual basis 
(Mattern, 1990). Sweden, France, and Japan have already 
begun to make significant strides in the aviation and auto­
motive markets for composite materials. The significance of 
the technological advantage held by the United States may 
have far reaching affects as in national security, or a loss 
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that are superior to the United States manufactured cars. 
With composite materials being lighter than metals, it could 
feasibly increase the miles per gallon efficiency for auto­
mobiles by a significant amount.
Chapter 5 will examine some of the advantages and disad­
vantages that composite materials have in the automotive and 
aeronautics industry, through the use of case studies.
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Chapter 5 
CASE STUDIES AMD HAZARDS
5.1 Introduction
The primary market for composite materials in the future 
appears to be in the automotive industry, as well as the 
aeronautics industries (Mineral Commoditv Summaries. 1990). 
Case studies that show the advantages and disadvantages that 
are achieved by using composite materials as structural 
material are presented. In many instances the savings 
realized are in terms of weight and fuel efficiency. In 
other cases, the collateral advantages that result from 
using composites lie in a structure that is more durable and 
more resistant to fracture. This chapter will present case 
studies and discuss health hazards that surround composite 
materials.
5.2 Composites in the Automotive Industry
In the automobile industry composites or polymers were 
first used in the 1953 Chevrolet Corvette. Toyota, Honda, 
Ford, and General Motors are all currently developing ways 
to incorporate composite materials. Pontiac has produced a 
vehicle (Transport) that is constructed of an engineered
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plastic (Purcell, 1988). This vehicle is advertised as 
being resistant to corrosion and damage caused by low impact 
collisions. This section compares composite materials to 
alloys and conventional structural materials.
In comparing costs of composites and steel used in cars, 
the tooling costs of composites as compared to steel are 
off-set. This is true only in lower volume applications 
(AIChe Symposium, 1984). Table 5.1 shows the cost savings 
of a polymer composite (thermoplastic) and steel-
Table 5.1
Body Panel Costs: Thermoplastic and Steel
Process ThermoPlasSteel
Tooling Cost $/part:
lOOK parts/yr 1.20 9.52





scrap, utilities 1.70 0.11
Total cost $/yr
lOOK parts/yr 12.3813.05
300K part/yr 11.98 6.70
Source: AIChe Symposium, 1984.
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The tooling and labor costs for composites are signifi­
cantly higher than the thermoplastic material used. (Table 
5.1) The only instance where thermoplastic costs do not 
exceed those of steel is in the parts used per year. This 
saving is due to the fact that composites and thermoplastics 
can be fabricated so that it reduces the actual parts used 
by 20% (Weinninger, 1990). The high strength glass fiber 
composite is approximately $42 per pound. The tooling 
process associated with thermoplastics and composites are 
equivalent, therefore the costs are similar. Composites 
reduce the amount of parts required on a structure by a 
ratio of 5:1 (Weinninger, 1990), therefore the comparison in 
Table 5.1, by the American Institute of Chemical Engineers, 
did not take this into consideration. A reduction in tool­
ing costs (Table 5.1), would limit the comparative advantage 
of thermoplastic over steel. Conversely, reducing the cost 
of composite materials to some price comparable with other 
monolithic metals would give composites the advantage, 
because of their superior performance capabilities and 
reduced cost.
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5.3 Composites in the Aerospace Industry
In 1989, Beechcraft manufactured a small turbo-prop 
airplane called the Starship 1, which is made completely out 
of composite materials. This aircraft was produced to 
compete with smaller corporate jets such as the Lear jet.
The Starship 1 design is unique in the fact that it has 
sandwiched a nonmetallic honey-comb structure between thin 
facing sheets of graphite epoxy to create added strength and 
durability to the structure and reduce the weight by 15%- 
20%. By using composite materials, the weight of the air­
craft was reduced from 17,992 lbs to 14,510 lbs. If alumi­
num had been used to build the Starship 1, the aircraft's 
range would have decreased by a total of 406 miles (from 
1,410 miles down to 1,004 miles). The overall speed of the 
Starship 1 was increased from 293 miles per hour to 385 
miles per hour by using composite materials instead of 
aluminum (Raytheon. 1989). The list price of the Starship 1 
is $3.85 million, the list price of a comparably equipped 
turbo-prop aircraft is $3.45 million (Raytheon, 1989). 
Operating cost savings by the use of composites in the 
aviation arena is approximately 24% (Weinninger, 1990).
With the weight reduction caused by using composite mater-
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ials, Beechcraft was able to enlarge the aircraft and add 
more comfort features for its clientele (Raytheon, 1989).
In 1982, the Army Aviation Research and Development 
Command, along with Sirkorsky Aircraft Division of the 
United Technologies Corporation conducted a study to con­
struct a composite helicopter for the Army. The base 
aircraft used for this study was the Sirkorsky-76, a commer­
cial helicopter adapted for military use. The base line 
aircraft weighed approximately 1,838.9 pounds. When com­
posite materials were used the helicopter's weight was 
reduced to 1, 363.9 pounds or a reduction of 25.9%.
Figure 5.1 indicates what types of materials were used 
in the making of the composite helicopter and the percentage 
of each type of material used. Figures 5.2 and 5.3 will 
compare the percentage of weight distribution using com­
posites and traditional metals.
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Figure 5.1 Composite Aircraft Material Usage (%)

















Figure 5.2 Composite Airframe Helicopter (%)
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Airframe Design Report. Kay, 1982.
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The weight savings realized by the use of composite 
materials is shown in figure 5.4. The use of composites 
resulted in a weight savings of 33.1%, for the parts, and an 
overall weight reduction in the entire aircraft by 25.9%. 
This overall reduction includes all the subcomponents of the 
helicopter. The use of composites also resulted in 
increased safety for the crew. Composite materials were 
less susceptible to penetration by gunfire, and the cockpit 
was less likely to crush due to the added strength of the 
composite material.
5.4 Plausible Uses for Composites
Composites are currently being used in a very broad 
spectrum of applications. This sectiongives someuses for 
composites that may be developed in the future.
Nike-Hercules surface-to-surface missiles are currently 
made using metal as an outside structural material. At very 
low temperatures, static electricity may cause premature 
ignition of the solid rocket fuel. In 1987, a missile 
prematurely explosed as a result of static electricity.
Most tracked-vehic1es use some type of rubber pad and 
metal as the structure for the track. While composites may 
not be used to replace the entire track, the pad may be
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Figure 5.4 
Weight Savings by Component
Source: Airframe Design Report, 1982.
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replaced by a composite material. The track pad is used to 
reduce the wear on the metal shoe of the track and to reduce 
the vibrations associated with an extremely large vehicle 
travelling over hard-surfaced roads. Using a composite 
material as a track pad would also reduce the need to 
replace the pads as often.
Gun tubes and barrels are made of metal. These metal 
tubes/barrels bend slightly under intense firing and changes 
in atmospheric conditions. Because this condition may exist, 
the field artillery and armor branches make adjustments 
prior to firing the weapon to compensate for this slight 
bending of the. tube. If the temperature exceeds an estab­
lished range, the weapon cannot be fired. Using composites 
to construct the tube or barrel, the problem of gun-tube 
bend may be virtually eliminated.
Finally, the use of composite materials to construct the 
hulls of oil tankers can significantly the possibility of 
dangerous oil spills. Using composite materials in any 
application will significantly increase the overall price of 
the product. However, the factors of risk, performance and 
benefits should be weighed against the possible outcomes if 
composite materials are not used.
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5.5 Hazards of Composite Materials
Composite materials are superior to monolithic metals in 
a number of ways, however composite materials do have some 
problems that should be addressed. These problems range 
from health hazards to problems in tooling and meshing of 
parts. The following sections explain some of those prob­
lems.
5.5.1 Health Hazards
The small fibers (less than 1 micrometer) of composite 
materials can be inhaled and are suspected of causing cancer 
and are the main health hazard of composites. In a labora­
tory test, animals exposed to aluminosilicate fibers, 
developed an increased number of lung cancers compared with 
a control group (Stanton, 1981).
When manufacturing composites, heat of 250° F or higher 
is used to form the material. This heat produces toxic 
fumes. These fumes can also be harmful to workers. Inhala­
tion of styrene monomer, used to spray resins can cause 
headaches, dizziness, or sore throat. Some people are so 
sensitive to the chemicals used in composite production, 
they cannot work in reinforced plastics or composite plant 
(Office of Technology Assessment Memorandum, 1986). Other
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safety factors are multiplied when harmful reinforcing or 
matrix agents are used in a composite such as beryllium. 
These safety hazards can be reduced to comply with Occupa­
tional Safety and Health Administration standards by 
insuring proper ventilation and protective clothing are 
worn. Implementation of these safety measures also adds to 
production cost. Another problem is carbon fibers. Minute 
particles of carbon fibers circulating in an area can short 
circuit electrical devices. The remedy for this is to 
insure that all electrical components are sealed.
Some, but not all composite materials can be recycled. 
Thermosetting matrices cannot be recycled and have no scrap 
value. These materials may present a disposal problem in 
the future. Cured composites and thermoplastics can be 
recycled. Because of the affect fibers have on the lungs, 
burning composites as a means of disposal is not an option 
(Office of Technology Assessment Report, 1987).
5.5.2 Parts Tooling and Moisture
Attempting to join composite materials together with 
other materials creates a design problem. Composite mater­
ials are anisotropic (unequal end points), while metals are 
isotropic. The two adjoining ends do not mesh together well
T-3881 74
enough to fit snugly. This can be a particularly difficult 
problem in aviation applications.
Metal and ceramic matrix composites are not susceptible 
to water absorption; however, since polymers are permeable, 
they can absorb water. The absorption of water into the 
structure may cause internal damage to the structure which 
the polymer is designed to protect (Office of Technology 
Assessment Report, 1987).
Chapter 6 will discuss areas for future studies in the 
field of composite materials. This chapter will conclude 
the thesis by summarizing the findings and what impact that 
these findings may have on the metals market.
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Chapter 6 
CONCLUSIONS AND FUTURE RESEARCH
6.1 Introduction
This final chapter first gives the reader or perspective 
researcher some ideas or areas where studies may be con­
ducted in the area of composite materials. This list con­
tains problems that were discovered during the course of the 
research for this study, however there are numerous paths to 
pursue in future studies. Chapter 6 concludes by briefly 
examining the results of the finding and summarizing the 
markets for composite as a structural material.
6.2 Conclusion
The calculated price elasticity of demand for composite 
materials indicate that the demand is inelastic. According 
to microeconomic theory, products with inelastic demand tend 
to be an essential good, as opposed to an inferior or luxury 
good (Binger and Hoffman, 1988). Also by being inelastic, 
the change in the quantity demanded is less than the change 
in price.
The negative sign coefficient of the cross price elas­
ticities indicates that composite materials may be used as
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complements for aluminum, lithium, and tungsten. The price 
per pound for iron/steel is very low, and it may take a 
significant reduction in the price per pound for composites 
to compete seriously with iron/steel. In case studies 
reviewed in Chapter 5, composite materials are used in 
conjunction with other structural materials, so there may be 
complemental tendencies associated with composite usage.
The positive coefficients of the cross price elasticity of 
demand for magnesium metals and iron also indicate compo­
sites may be a substitute for these metals.
The impact that composite materials may have on the 
metals market in the near future appears to be minimal 
(Mineral Commoditv Summaries. 1988 and 1989). Metal produ­
cers are researching the use of superalloys to compete 
directly with composite materials (Schmitt, 1987). Since a 
number of the major metal producers also supply composite 
materials, this may be a normal evolution in the process of 
providing the market with the materials that it demands.
The technology used to develop composite materials can 
theoretically extend the lifespan of exhaustible resources, 
such as the monolithic metals. These technological innova­
tions can also increase the supply of composite materials.
T-3881 77
Nonmarket factors that may affect the continued use of 
composite materials include health hazards associated with 
composites. Most of the hazards associated with handling 
composite materials can be minimized or eradicated by fol­
lowing established OSHA guidelines (Office of Technology 
Assessment Report, 1987). Composite research may be af­
fected by reduced defense spending. The Department of 
Defense, National Aeronautics and Space Administration
g
(NASA) and the Department of Energy are major consumers of 
composite materials. These agencies, along with major 
defense-contractors fund, a large portion of the research 
and development costs.
By the year 2000 composite materials will command a 
larger share of the structural materials market (Business 
Communications Company Report, 1988). As the United States 
and other countries continue to conduct commercial ventures 
into space, the environment encountered in space will re­
quire capabilities that monolithic metals and alloys do not 
possess. A key factor in the future use of composites lies 
in the aerospace industry. If funding is cut for NASA 
programs, then the research and development of future com­
posite uses may be significantly affected. This may result 
in composite material being used on a much smaller scale
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than predicted by the Business Communications Company. Some 
primary defense contractors, such as Martin-Marietta are 
beginning to venture into the area of providing launch 
vehicles for satellite transport for both defense and com­
mercial endeavors. This transition may assist in the future 
use of composite materials. Additionally, as the automotive 
industry attempts to find ways to increase the efficiency of 
cars, composites may be an integral part in solving those 
problems. Some vehicles are currently being made of com­
posite material. As ways are introduced to reduce the cost 
of fabricating composite materials, the automotive industry 
may become the primary market for composite materials.
After reviewing much of the current research on com­
posite materials, I believe that composites are going to 
comprise a very significant segment of the structural 
market, both as a substitute and complement for monolithic 
metals. The need to conserve the limited exhaustible 
resources that we currently possess may dictate the inten­
sified use of composite materials. The construction of 
roads, bridges, automobiles, homes, ships, aircraft and an 
infinite number of other products may assist in the preser­
vation of a number of our natural resources.
T-3881 79
6.3 Topics for Future Studies
As a developing technology, composite materials offer 
many avenues for further study. Because of the chemical 
makeup of composite materials, studies in the area of chem­
ical engineering are also probable. Composite materials 
also present unique problems in tooling and molding; there­
fore, mechanical engineering or metallurgical engineering 
studies may also be an option. There are also problems that 
lend themselves to geometric programming, which will be 
detailed later. Many of the questions concerning the micro- 
economic problems presented by composite materials should be 
addressed. Since composite materials are so intertwined 
with natural resource economics this area is also a can­
didate for future studies. Finally, after compilation of 
quantifiable data on consumption, supply, and cost, an 
econometric or forecasting model may be developed to address 
some of the questions such as future trends, stability of 
the market, investment decisions, and production decisions 
associated with composite materials.
The detailed list of specific areas that may be pursued 
will be left to the individual researcher; however during 
the research for this paper, there are some subjects that 
became prominent. These subjects included the following:
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1) Geometric programming: determining the optimum
weight and size for aircraft that replace metal structures 
with composites, and determining the optimum or desired 
payload for tactical and commercial aircraft.
A typical problem discovered during the research is 
listed below.
= 1112.78 (N; DGW/10,000)“-̂”® (S„ab/1, 000)
(1+P/14.7)° (1)
where Ŵ ab = Weight of the cabin in pounds 
Ng = Ultimate load factor 
DGW = Design gross weight in pounds 
Scab - Wetted area of the cabin (ft̂ )
P = Pressure differential (psi)
2) Microeconomics: production theory, cost functions,
constrained optimization, and the applications of 
uncertainty in the market
3) Engineering: designing ways to reduce the difficul­
ties involved in joining metals and composites, recycling 
procedures for composites, and reducing the hazards caused 
by airborne particles and fibers.
4) Investment Analysis: project analysis in the auto­
motive and aerospace industries, and risk analysis associ­
ated with investment decisions.
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The composite materials industry is expected to expand 
in the next 10 to 15 years, and the research in this area 
should expand also. With access to the required data, 
numerous studies may be accomplished to answer some of the 
difficult questions in the composite materials market.
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GLOSSARY
The definitions listed here were obtained from the fol­
lowing sources:
1. Handbook of Composites, glossary.
2. Composites and Laminates: Desk Too Data Bank, 
appendix A-1.
Composite - a structural material consisting of combinations 
of materials. Typically, one of the materials is a 
strengthening agent, the other being a thermoset or 
thermoplastic resin.
Fabric - A material constructed of interlaced yarns, fibers, 
or filaments; usually a planar structure. Non-wovens 
are sometimes included in this classification. 
Fabricating, Fabrication - The manufacture of plastic
products from molded parts, rods, tubes sheeting, ex­
trusions, or other form by appropriate operations such 
as punching, cutting drilling and tapping. Fabrication 
includes fastening plastic parts together or to other 
parts by mechanical devices adhesives, heat sealing, or 
other means.
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Fatigue Strength - The maximum cyclic stress a material can 
withstand for a given number of cycles before failure 
occurs; the residual strength after being subjected to 
fatigue.
Fiber - Relatively short lengths of very small cross section 
of various materials can be made by chopping filaments 
(converting).
Fiber Glass - An individual filament made by attenuating
molten glass. A continuous filament is a glass fiber of 
great or indefinite length; a staple fiber is a glass 
fiber of relatively short length (generally less than 17 
(inches).
Flexural Strength - The resistance of a material to being 
broken by bending stresses; the strength of a material 
in bending, expressed as the tensile stress of the 
outermost fibers of a bent test sample at the instant of 
failure. (with plastics, this value is usually higher 
than the straight tensile strength).
Forming - The process whereby the current shape of a plastic 
is transformed to another desired configuration.
Isotropic Laminate - One in which the strength properties 
are equal in all directions.
Matrix - See resin.
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Modulus - A number which expresses a measure of some
property of a material: modulus of elasticity, shear
modulus, etc: a coefficient of numerical measurement of
a property. (Note: The use of the word without modi­
fying terms may be confusing; and such use should not be 
encouraged).
Polyamide - A polymer in which the structural units are
linked by amide or thioamide groupings. Many polyamides 
are fiber-forming.
Polymer - A high-molecular-weight organic compound, natural 
or synthetic, whose structure can be represented by a 
repeated small unit, the "mer"; for example, 
polyethylene, rubber, cellulose. Synthetic polymers are 
formed by addition or condensation polymerization of 
monomers. Some polymers are elastomers, some are plas­
tics. When two or more monomers are involved, the 
product is called a copolymer.
Prepreg - Ready-to-mold material in sheet form which may be 
cloth or paper impregnated with resin and stored for 
use. Reinforced Plastics - A plastic material with 
enhanced mechanical properties due to the addition of 
high strength fillers imbedded in the composition.
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Resin - A pseudosolid or solid organic material often of 
high molecular weight. It has a tendency to flow when 
subjected to stress, usually has a softening or melting 
range, and usually fractures conchoidally.
Shear - An action or stress resulting from applied forces
which causes or tends to cause two contiguous parts of a 
body to slide relative to each other in a direction 
parallel to their plane of contact. Interlaminar Shear 
(ILS). The plane of contact is composed of resin only.
Silicones —  Resinous materials derived from organosiloxane 
polymers, furnished in different molecular weights 
including liquids and solid resins and elastomers.
Stress Crack - A crack, either external or internal, in a 
plastic caused by tensile stresses less than its short- 
time mechanical strength.
Thermoplastic - Capable of being repeatedly softened by
increase of temperature and hardened by decrease in tem­
perature; applicable to those materials whose change 
upon heating is substantially physical rather than 
chemical.
Thermoset - A plastic which, when cured by application of 
heat or chemical means, changes into a substantially 
infusible and insoluble material.
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Wet Lay-up - A reinforced plastic manufacturing process
where the polymer compound is applied as a liquid as the 
reinforcement is put into place.
Whisker - A single-crystal, short fiber.
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